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– 2. $[25]-[31]$ QE (Quantifier Eliminatin)
QE
)
[24] QE SDC(Sign Definite Condition)
PI 1 1
1., 2. QE
1 $H_{2}$ $H_{\infty}$ Riccati
[24]
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21. $H_{\infty}$ $([25]-[26])$
2. $H_{\infty}$ ( $[30]$ [31])
3. $H_{2}$ ([29])
4. Hankel
1. $- 3$ .
$\Psi_{x}(f(x),m)$ $f(x)$ $m$
3
$\Omega$ $k$ $\phi(k)$ $(C1)-(C3)$
(C1) $\phi(k)$ : $Rarrow R$ $k$
(C2) $k_{0}\in\Omega$ $\phi(k_{0})\in R$
(C3) 2 $f(q, k_{0})$ $k0\in\Omega$ $\phi(k_{0})\in R$ $q$
$\phi(k)$ 2 (
([26],[29] )
$\phi(k)=\{\begin{array}{ll}\Psi_{q}(f(q, k), l_{i}) (\nu_{i}<k<\mu_{i+1})\Psi_{q}(f(q, k),m_{i}) (k=\nu_{i})\end{array}$ (1)
1
$A,$ $B,$ $C$
$A=$. $\{\begin{array}{llll}-k -4 l 3 -2k -3\end{array}\}$ , $B=\{\begin{array}{ll}l 1-l 2\end{array}\}$ , $C=\{\begin{array}{ll}-1 01 -1\end{array}\}$ (2)
(2
$\frac{dx}{dt}=Ax+Bu,$ $y=Cx$ (3)
$u$ $y$ $G(s)=C(sI-A)^{-1}B$ $H_{\infty}$ $\Vert G(s)\Vert_{\infty}$
$||G(s)||_{\infty}$ $=$ $\{\begin{array}{ll}\sqrt{\Psi_{q}(f(q,k),1)}^{1} (-1<k<2)\sqrt{\Psi_{q}(f(q,k),1)}^{1} (2<k)\end{array}$
$\{\begin{array}{ll}\frac{3\sqrt{2}}{\sqrt 17k^{2}+46k+74+\sqrt{5}(k-2)\sqrt{29k+112+128}} (-1<k<2)\frac{3\sqrt{2}}{\sqrt 17k^{2}+46k+74-\mathcal{F}5(k-2)\sqrt{29k+112k+128}} (2<2)\end{array}$ (4)
12
$f(q, k)$
$f(q,$ $)$ $=$ ($9q^{2}-17$ $2q-46kq-74q+4$ $4+44$ $3+157$ $2+198k+81$ )
( $13q^{2}-2k^{2}q-96$ $q-138q+9k^{4}+24$ $3+82$ $2+448k+637$) (5)
\phi ( ) $(k\in\langle\underline{k},\overline{\text{ }}\rangle)$ $(C1)-(C3)$ (1)
$l_{i},$ $m_{i},$ $\nu_{i}(i=1, \cdots,p)$
1
($l:,$ $m,$ $\nu_{i}(i=1,$ $\cdots,$ $r)$ )
( $1\rangle$ $\nu:(i=1, \cdots,p)$ ${\rm Res}_{q}$ ($f(q$, ), $\lrcorner\partial\partial q(q$, )) $=0$ $\nu_{i}\in\langle\underline{\text{ }},\overline{k}\rangle$ $\nu_{0}=\underline{k}$ ,
$\nu_{P+1}=$
$\langle 2\rangle\mu_{i}(i=1, \cdots,p)$ $\nu_{\{}<\mu<\nu:+1$ $\phi(\mu_{i})(i=0, \cdots,p)$
$l_{i}$ ($i=0,$ $\cdots$ ,P)
$\phi(\mu_{1})=\Psi_{q}(f(q,\mu_{i}),$ $l_{i}$ ) $(i=0, \cdots,p)$ (6)
$\langle 3\rangle\phi(\nu_{i})(i=0, \cdots,p)$ $m_{i}(i=0, \cdots,p)$
$\phi(\nu_{i})=\Psi_{q}(f(q, \nu_{1}),m_{i})(i=1, \cdots,p)$ (7)
4
$\phi(k)$ \phi ( ) (1)
(a) \infty $\phi(k)$
(b) \phi ( ) $\phi’(k)$ ($\phi(k)$ )
(a) $\overline{k}=1/k$ $\tilde{k}=0$ Puiseux (b)









$||G(s) \Vert_{\infty}=\sup_{w\in R}\overline{\sigma}(G(jw))$ (10)




$H=\{\begin{array}{ll}A \overline{\gamma}^{V}1BB^{*}-C^{*}C -A^{*}\end{array}\}$ (11)
$\gamma(>0)$ $\Vert G(s)\Vert_{\infty}<\gamma$ $H$
(9) $A,$ $B,$ $C$ $k$ $H_{\infty}$ $\Vert G(s)\Vert_{\infty}$
$k$ (CI),(C2) (C3)
2 $f$ ( $q$ , ) $H_{\infty}$ $\Vert G(s)\Vert_{\infty}$ (1)
$f(q$ , $H$
$\{\begin{array}{l}\lambda H-\lambda HH\pm\lambda_{1},\cdots,\pm\lambda_{n}\end{array}$ (12)
1
$\Vert G(s)||_{\infty}\in$ {$\gamma\in R|H$ } (13)
$H$ $\Leftrightarrow h(x)(=Det(xI-H))$ $\Leftrightarrow Ras_{x}(h(x),\frac{dh}{dx}(x))=0$ (14)
$\Vert G(s)\Vert_{\infty}\in$ { $\gamma\in R|\xi(1/\gamma^{2}$ , )=0} (15)
$\xi$ ( $1/\gamma^{2}$ , ) $1/\gamma^{2}$ ,
$\xi(1/\gamma^{2}, k)^{d}=^{f}{\rm Res}_{x}(h(x), \frac{dh}{dx}(x))$ (16)
}\breve \acute $\backslash q=1/\gamma^{2}$
$\frac{1}{(||G(s)||_{\infty})^{2}}\in\{q\in R|\xi(q, k)=0\}$ (17)
$f(q, k)$ $\xi(q, k)$
$\frac{1}{(\Vert G(s)\Vert_{\infty})^{2}}\in\{q\in R|f(q, k)=0\}$ (18)
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1: 2 ( : )
\phi ( ) $=$ $\text{ _{}e}^{1}$
$\infty$ ) 2
$\frac{1}{(\Vert G(s)\Vert_{\infty})^{2}}=\{\begin{array}{ll}\Psi_{q}(f(q, k), l_{i}) ( \nu_{i}< \text{ } <\nu_{i+1})\Psi_{q}(f(q, k),m_{i}) (k=\nu_{i})\end{array}$ (19)
$l_{i},$ $m_{i},$ $\nu$:
$\Vert G(s)\Vert_{\infty}=\{\begin{array}{ll}\ovalbox{\tt\small REJECT}^{1}\Psi_{q}(f(q,k)l:) (\nu_{i}<k<\nu_{i+1})\sqrt{\Psi_{q}(f(g,k),m:)}^{1} (\text{ } =\nu_{i})\end{array}$ (20)
2
($H_{\infty}$ (20) )
$\langle 1\rangle$ (11) $H$ $h(x)$
( $2\rangle$ $q=1/\gamma^{2}$ $\xi$ ( $q$ , )=Res$x(h(x), \tau_{x}(x))$
$\langle 3\rangle\xi(q, k)$ $f(q, k)$



















(E2) $w$ $z$ $G(s)=(C-DF)(sI-A+B_{2}F)^{-1}B_{1}$ $H_{\infty}$ $||G(s)||_{\infty}$
$\gamma$
$(A-B_{2}F)$ , $\Vert(C-DF)(sI-A+B_{2}F)^{-1}B_{1}\Vert_{\infty}<\gamma$ (24)
$H$




(F3) $X=X_{2}X_{1}^{-1}$ ( )




$\gamma$ (24) $u=-Fx$ (FI),(F2),(F3)
$\gamma$ $\gamma$ (23) $(F1),(F2),(F3)$
1
$(Fi)$ $arrow j_{t}$ ( $1/\gamma^{2}$ , )=0 $(i=1,2,3)$ (27)
$1/\gamma^{2},$ $k$ $f_{1}$ ( $1/\gamma^{2}$ , ) $f(1/\gamma^{2}, k)$
$f$ ( $1/\gamma^{2}$ , )=fl ( $1/\gamma^{2}$ , ) $f_{2}$ ( $1/\gamma^{2}$ , ) $f_{3}(1/\gamma^{2}, k)$ (28)
$\gamma$ (23) $arrow\exists i,$ ($F$ $arrow f(1/\gamma^{2}, k)=0$ (29)
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2 (23) (1)
$(F1),(F2),(F3)$ (27) ( $1/\gamma^{2}$ , ) ( $\gamma$
$q=1/\gamma^{2}$ )
(F1) $H_{\infty}$
$f1(q, k)= \ s_{x}(h(x), \frac{dh}{dq}(x))$ (30)
(27) ( $h(x)=Det(xI-H)$ )
(F2) $H$ $v(\lambda)$ $\lambda$
3
($v(\lambda)$ )
$\langle 1\rangle x$ $x=[x_{1}$ ...
$\sigma)$
$ae1’\supset 1\supset l^{i}1’\supset\sigma)x_{2n}2_{W\nearrow x\text{ }x)}^{kff\text{ _{}\backslash }}\tau_{J}2n\{E$
$\Re W_{J}’E$$(HkffiR$( $-arrow$ $\lambda$ |-f*\mbox{\boldmath $\lambda$}I\epsilon )x\pi -=\mbox{\boldmath $\tau$}0,\hslash 6(^)Q (H-\mbox{\boldmath $\lambda$}I)x
$=0$
$\langle 2\rangle\langle 1\rangle$ $2n$ $(2n-1)$ $x_{1},\cdots,x_{2n-1}$
( $3\rangle$ $x_{1},$ $\cdots,$ $x_{2n-1}$ $x$ $x$ $x_{i}(i=1, \cdots, 2n-1)$
$x$
\langle 4) $v(\lambda)arrow x/x_{2n}$ $v(\lambda)$
$v(\lambda)$ $\lambda$
$X_{1}(y_{1}, \cdots, y_{n}),X_{2}(y_{1}, \cdots, y_{n})$
$\{\begin{array}{lll}X_{1}(y_{1} \cdots y_{n})X_{2}(y_{1} \cdots y_{n})\end{array}\}=[v(y_{1})$ $v(y_{2})$ $v(y_{n})]$ (31)
(F2) $X_{1}$ $X_{1}(\lambda_{1)}\cdots , \lambda_{n})$ ( $\lambda_{1},$ $\cdots$ , $\lambda_{n}$ $H$ )
$f_{2}(q, k)=Det(X_{1}(\lambda_{1}, \cdots, \lambda_{n}))$ $Det(X_{1}(\lambda_{1}, \cdots, \lambda_{\mathfrak{n}}))$ $\lambda_{1},$ $\cdots,$ $\lambda_{n}$
$q(=1/\gamma^{2}),$ $k$ $f_{2}$ ( $q$ , ) $(f_{2}(q, k)$
$q,$ $k$ ) $f_{2}(q, k)$
$Det(X_{1}(\lambda_{1}, \cdots, \lambda_{n}))=0\Rightarrow f_{2}(q, k)=0$ (32)
$f_{2}$ ( $q$ , )
(F2) $\Rightarrow Det(X_{1}(\lambda_{1}, \cdots, \lambda_{n}))=0\Rightarrow f_{2}(q,$ $)=0$ (33)
(27)
2
6( $\lambda_{1},$ $\cdots$ , \mbox{\boldmath $\lambda$} $\lambda_{1},$ $\cdots,$ $\lambda_{n}$











$f_{2}(q, k)= \prod_{s_{m}=\pm 1}\zeta_{j}(s_{1}\lambda_{1}, \cdots, s_{n}\lambda_{n})$ (36)
$q$ , $f_{2}(q, k)$
(34) $\zeta_{j}(\lambda_{1}, \cdots, \lambda_{n})$ $\lambda_{l}\neq\lambda_{m}(l\neq m)$
$Det(X_{1}(\lambda_{1}, \cdots, \lambda_{n}))=0\Rightarrow(j(\lambda_{1}, \cdots, \lambda_{n})=0\Rightarrow f_{2}$($q$ , )=0 (37)
(32) $f_{2}(q, k)$ $\lambda_{l}\neq\lambda_{m}(l\neq m)$ $fi(q, k)=0$
(28) $f_{2}(q, k)$
4
$\langle 1\rangle$ 3 $v(\lambda)$
$\langle 2\rangle$ (31) $X_{1}(y_{1}, \cdots, y_{n})$
$\langle 3\rangle(_{1}(\lambda_{1},$ $\cdots$ , \mbox{\boldmath $\lambda$} (34)





$Det(X_{2})=0\Rightarrow f_{3}(q, k)=0$ (38)
$q,$ $k$ $f_{3}(q, k)$ 4 ($2\rangle$ , ( $3\rangle$ , ( $4\rangle$




$\langle 1\rangle$ (30) $fi(q, k)$
$\langle 2\rangle$ 3 $f_{2}(q, k)$
$\langle 3\rangle$ 3 $X_{1}(y_{1}, \cdots, y_{n})arrow X_{2}(y_{1}, \cdots,y_{\mathfrak{n}}),$ $\zeta_{1}(y_{1}, \cdots, y_{n})arrow\zeta_{2}(y_{1}, \cdots,y_{\mathfrak{n}}),$ $f_{2}$ ($q$ , )\rightarrow
$f_{3}$ ($q$ , ) $f_{3}(q$ ,
18
$\langle 4\rangle fi(q, k)f_{2}(q, k),$ $f_{3}$ ( $q$ , ) $f(q, k)$
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